The assignment of g tensor orientation required the determination of the relative orientations of three distinct Cartesian coordinate systems:
(i) An orthogonalized crystal frame (a*, b*, c*) was derived from the unit cell axes a, b, c.
(ii) An external reference frame (X, Y, Z), based on the geometry of Xray data acquisition. X is the direction of the X-ray beam, Z is the rotation axis.
(iii) An intrinsic simulation frame (X*, Y*, Z*), defined by the direction of the static magnetic field B 1 (Z*), the rotation axis of the sample (Y*) and a resulting axis X* to complete the right-handed system.
The relation between the intrinsic reference frame and the principal axes of the g tensor (g x (X´), g y (Y´) and g z (Z´)) was expressed by sets of three Eulerian angles (α, β, γ) for each magnetically distinct copy of FeMo cofactor. These angles were obtained from the fitting procedure using easyspin, [1] and yielded the relative orientations of the corresponding g tensors.
At this point the symmetry reduction observed in the second data set (Fig. 3) simplified the evaluation and yielded two sets of Eulerian angles as solutions. The resulting sets of angles were subsequently converted into two direction cosine matrices (DCM 1/2 ) using the general expression:
As the data acquisition frame (X, Y, Z) and the intrinsic simulation frame (X*, Y*, Z*) shared two axes (sample rotation axis and magnetic field axis / X-ray beam vector), the DCMs could be directly transformed into the data acquisition frame. In the following, this allowed a direct superposition of the g tensor and the atomic structure. To this end, the spatial orientation of MoFe protein within the crystal was derived from a single X-ray diffraction image indexed with mosflm, [2] yielding an orientation matrix based on the first recorded diffraction image (θ = 0°) of:
In the data acquisition frame, the beam direction was designated as X, the rotation axis as Z. The rotation matrix relating the systems at each point during data collection then provided the correlation between the orthogonalized unit cell (a*, b*, c*) and the X-ray data acquisition frame (X, Y, Z):
For each rotation angle, the DCMs (g tensor orientation) could then be transformed into the orthogonalized crystal frame (a*, b*, c*). The process of frame alignment and DCM transformations is summarized in Figure S1 . The resulting direction cosine matrices (DCM 1/2 **) for the two g tensors in MoFe protein with respect to the X-ray data acquisition frame (X, Y, Z) were:
These matrices describe the relative orientations of the two FeMo cofactors in the asymmetric unit in the Cartesian (X, Y, Z) frame with their corresponding g tensors. The simulation (Fig. 3B ) resulted in a two-fold ambiguity, due to the fortuitous alignment of a crystallographic axis with the magnetic flied vector B 1 . A two-fold ambiguity remained that was subsequently lifted by simulating the spectra of the four independent copies of FeMoco present in a complementary data set (Fig. 2) in which all signals of the four FeMo cofactors in the unit cell were resolved. This then led to a defined g tensor orientation with respect to the orientation of each FeMocofactor in the unit cell (Fig. 4) . For depictions, the g tensor was placed in the center of the metal cluster. 
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